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Abstract  
The knowledge about how CO occupies and detaches from specific surface sites on 
well-structured Pt surfaces provides outstanding information on both dynamics/mobility 
of COads and oxidation of this molecule under electrochemical conditions. This work 
reports how the potentiostatic growth of different coverage CO adlayers evolves with 
time on both cubic and octahedral Pt nanoparticles in acidic medium. Data suggest that 
during the growth of the CO adlayer, COads molecules slightly shift towards low 
coordination sites only on octahedral Pt nanoparticles, so that these under coordinated 
sites are the first filled on octahedral Pt nanoparticles. Conversely, on cubic Pt 
nanoparticles, adsorbed CO behaves as an immobile species, and low coordinated sites, 
as well as (100) terraces are apparently filled uniformly and simultaneously. However, 
once the adlayer is complete, irrespectively of whether the CO is oxidized in a single 
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step or in a sequence of different potential steps, results suggest that COads behaves as 
an immobile species during its oxidation on both octahedral and cubic Pt nanoparticles. 
 
Keywords: Shape-controlled Pt nanoparticles, CO oxidation, surface chemical reaction, 
surface diffusion. 
*Author to whom correspondence should be addressed: manueljsfarias@gmail.com 
(M.J.S. Farias); Phone: +55 98 3301 8246  
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1. Introduction 
The adsorption and oxidation reactions of carbon monoxide (CO) on well-defined 
surfaces are considered model reactions in surface electrochemistry and electrocatalysis. 
Thus, for instance, adsorption of CO is useful for obtaining information about the 
structure of the electrochemical interface (for example in determination of the potential 
of zero total charge).1 Also, carbon monoxide is almost ubiquitous since it appears 
many times as an intermediate species during the electro-oxidation of alcohols (as 
methanol, ethanol, etc.)2 in low temperature alcohol fuel cells and is even present as an 
impurity in the electro-oxidation of hydrogen (from catalytic reforming) used in proton 
exchange membrane fuel cells. The overall performance of a fuel cell, in turn, greatly 
depends on the catalytic activity, selectivity and stability of those materials used as 
electrodes (cathode and anode). In this context, the tolerance to CO (present either as an 
intermediate of reaction or an impurity) has been considered a key-aspect in the 
performance of a specific anode in studies involving fuel cells.3 Interestingly, the CO 
electro-oxidation is known to be a surface structure sensitive reaction, i.e., a reaction 
markedly influenced by the particular arrangement of the atoms at the surface of the 
catalyst,4-6 (and also by the size of the sample in the case of catalysts consisting of 
nanoparticles7). Such sensitivity motivates the study of this reaction in shape-controlled 
catalysts, whose surface structure is ordered and allows more detailed mechanistic 
information. 
In most cases, dissolved molecular CO is adsorbed on the surface at a fixed 
potential, the excess of CO in solution is removed and then the COads adlayer is 
oxidized (in absence of CO in solution) by either voltammetric or chronoamperometric 
protocols. The overall CO electro-oxidation reaction in sulfuric acid can be represented 
as: 
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Ptα-CO + Ptγ-(H2O) → CO2 + 2H
+ + 2e- + (α + γ)Pt                         (1) 
where α and γ indicate the number of Pt sites involved in the adsorption of each species. 
Step (1) is followed by a fast regeneration of the electric double layer at the clean Pt 
sites liberated at the stripping potential: 
nPt + HSO
 → Ptn-(SO4) + H
+ + 2e-                                                   (2) 
In reaction (1) CO2 results from a bimolecular collision between neighboring 
COads and likely adsorbed oxygen donors stemming from (activated) water in a 
Langmuir-Hinshelwood mechanism (L-H) type, as proposed by Gilman in 1964.8 At 
aqueous solid/liquid interfaces, the oxygen donors species coming from any sort of 
activated water, including on-site electrochemically generated Ptγ-(H2O) (see below) are 
virtually infinite compared to the amount of COads on the surface, as water molecules 
are always omnipresent species at the electrode/aqueous (Ptα-CO/aqueous) interface. 
In the so-called CO stripping experiments, non-adsorbed CO is removed from the 
solution and therefore there is no CO external supply to the surface. Thus, the 
distribution of adsorbed reactants, and their dynamics/mobility relative to the active 
sites are important questions that should be properly addressed for a better 
understanding of how the reaction proceeds. For instance, some studies9-10 assume that 
COads and likely OHads (Pt-H2O ⇄ Pt-OHads + H
+ + e-) are perfectly mixed on the 
surface, and that the COads diffusion coefficient is higher than its oxidation rate, which 
implies that the reaction is proportional to the average coverage of both COads (θCO) and 
OHads (θOH). These assumptions satisfy the Mean Field Approximation conditions in a 
L-H mechanism type.11 Incidentally, in most cases, a high COads surface diffusion is 
expected since it is claimed that COads oxidation preferentially takes place on low 
coordination sites,5-7, 10, 12-16 as corner/step/kink/ad-atom sites. However, this fact does 
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not appear to be consistent with recent contributions that show that the intrinsic catalytic 
activity of low coordinated sites (steps/kinks) to the CO electro-oxidation is smaller 
than the catalytic activity of the rest of sites present on catalyst surfaces, as the {111} 
terrace sites, no matter if such reaction is evaluated in acid or in alkaline solutions.17-18  
On the other hand, the Nucleation and Growth (N&G) model assumes that COads 
is a motionless species and that its oxidation takes place when domains of adsorbed 
oxygen-donors grow from the vacancies of a CO adlayer.19 Hence, the presence of these 
COads superstructures on Pt single crystals has been evidenced by in situ STM.
20,21 
Furthermore, Weaver et al. investigated how the COads stretching frequencies depend on 
θCO (achieved whether by partial stripping from a saturated CO adlayer or by direct 
dosing) for various 12CO/13CO mixtures on Pt(111) by using in situ FTIRS.22 Results 
were interpreted in terms of the formation of COads islands, whose oxidation starts at 
their edges.22  
Now let us revisit what happens during the electro-oxidation of CO on 
nanoparticles, which have an unequivocal practical appeal. On polyoriented Pt 
nanoparticles, Maillard et al.7 proposed that particles smaller than 2 nm restrict the 
mobility of COads, and assumed that CO oxidation occurs at the edges/corners of the 
particles, in agreement with previous findings dealing with the CO electro-oxidation on 
Pt stepped surfaces.10 On the other hand, on shape-controlled Pt nanoparticles (of ~9-15 
nm) in acidic medium, Coutanceau et al.23 suggested very low mobility of COads on 2D 
{100} structures on cubic nanoparticles. In addition, as proposed for CO oxidation on Pt 
single crystals,10 they claimed that during CO oxidation, COads on {111} terraces 
quickly diffuses toward low coordination sites where it is preferentially oxidized,23 as 
already proposed for CO oxidation on Pt single crystals in acid solution.6, 10 As occurs 
with Pt stepped surfaces,6 the catalytic activity of Pt nanoparticles is found to increase 
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with the density of step sites,24 despite the mechanism by which under-coordinated sites 
affect this reaction is not fully understood yet. Brimaud et al.25 in a study of assignation 
of surface sites for the CO stripping voltammetry on {100} preferentially oriented Pt 
nanoparticles also considered plausible that during its oxidation, CO attached on {111} 
terraces migrates towards low coordinated sites, as {110} sites, similar to that proposed 
for stepped Pt surfaces in acid solution.5 In turn, for stepped Pt single crystals, it has 
been recently shown that the sequence in which the sites are set free during the stripping 
of a CO adlayer might be governed by a site activation process17 that must have strong 
implications on the mobility of COads during its oxidation. In this sense, questions about 
the dynamic/mobility of COads during the growth of layer as well as during its oxidation 
need to be considered, and new experimental and theoretical approaches are still 
required to reach a full understanding of this crucial step of this important 
electrochemical reaction.  
In this contribution, we report new experimental evidences about the behavior of 
the growth of a CO sub-adlayer on different shape-controlled Pt nanoparticles at 
constant potential, followed by its subsequent oxidation through a successive step 
potential program.  
 
2. Experimental  
Cubic and octahedral shape-controlled Pt nanoparticles were synthesized using a 
colloidal method.26 Details about the synthesis and physical characterization of the 
nanoparticles including particle size (~8 nm) and morphology/shape of the particles can 
be found in the Supporting Information and also in previous contributions 27-28 (and 
references therein). The nanoparticles were deposited on a polished gold disk, being 
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used as working electrode. The electroactive surface area of the nanoparticles was 
calculated as described elsewhere.1 A Pt wire was used as counter-electrode and a 
reversible hydrogen electrode (RHE) was employed as reference electrode. CO (Alpha 
Gas, 99.997 %) was adsorbed at 0.10 V and non-adsorbed CO was eliminated from the 
solution by bubbling Ar (Alpha GazTM 99.999%) for about 35 minutes. Studies of CO 
site occupancy were performed in presence of CO in the solution, while potential step 
experiments were carried out in the absence of CO in the solution. A 0.5 M H2SO4 
solution (Merck KGaA 96%) prepared in ultrapure water (Milli-Q 18.2 MΩ cm) was 
used in all the experiments, which were performed at room temperature (22-25 oC).  
 
3. Results  
3.1. Site occupancy during slow growth of CO sub-adlayer  
Figure 1 shows characteristic voltammetric responses of cubic and octahedral 
shape-controlled Pt nanoparticles recorded in H2SO4 solution. Voltammetric features are 
in good agreement with the fact that the cubic particles should expose mainly {100} 
facets, while the octahedral ones should present an important contribution of {111} 
facets.29 Particularly, the voltammetric peaks at ~0.13 and ~0.27 V are due to hydrogen 
adsorption/desorption on under-coordinated sites as on {110} sites ({111} steps, 
defects) and {100} steps and small domains, respectively.26 In addition, for cubic Pt 
nanoparticles, the contributions between 0.30-0.43 V are associated to hydrogen 
adsorption/desorption on relatively wide 2D {100} terraces.26 Finally, for octahedral 
nanoparticles (Figure 1B) contribution in the range 0.1-0.35 V is due to hydrogen 
adsorption/desorption on {111} terraces, and the reversible feature between 0.43 V and 
0.63 V is unequivocally due to the sulfate adsorption on 2D {111} terrace domains.26 In 
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a general way, the voltammetric profiles shown in Figure 2 are virtually identical to 
those results observed for shape-controlled nanoparticles in similar conditions (sulfuric 
acid).30-31 It is important to highlight that different upper potential limits were used 
during the recording of cyclic voltammograms (Figure 1) in order to avoid irreversible 
surface roughening induced by the electrode potential. 
Figures 2A and 2C show the evolution of the cyclic voltammograms recorded 
after potentiostatic growth (at 0.10 V) of a CO sub-adlayer on both samples of Pt 
nanoparticles. The control of CO dosing experiment was performed by passing a diluted 
CO gas flow (~1/10 CO/Ar) and keeping it in the cell atmosphere for different times, 
which corresponds to different θCO (non-adsorbed CO was not eliminated from the 
solution). Subsequently, cyclic voltammetries were recorded at a relatively fast rate of 
0.2 V s-1, controlling the upper limit to avoid CO stripping. At this scan rate, each cycle 
lasts only ~4 s, and consequently the interference from dissolved CO in Figure 2 can be 
considered negligible. In order to calculate the CO coverage, we considered that the 
suppression of hydrogen region reflects well the CO coverage until θCO ≃ 0.55.
32 Also, 
we assume that a CO saturated adlayer (θCO, max) was equivalent to ~0.72 and ~0.66 for 
cubic Pt nanoparticles and octahedral ones, respectively.33 For cubic nanoparticles the 
charge of hydrogen (in absence of adsorbed CO) was integrated between 0.06 V and 
0.46 V resulting in ~266 µC cm-2, while for octahedral Pt nanoparticles the same 
procedure has resulted in a charge density of ~207 µC cm-2. 
In Figure 2A, the occupancy of sites on cubic Pt nanoparticles reduces the current 
uniformly along the voltammogram. For example, when CO exposure time is 22 s 
(which corresponds to θCO ≃ 0.07), the overall current feature is diminished, but the 
voltametric profile is similar to that in absence of CO in solution. Even with θCO ≃ 0.57 
(89 s of CO exposure) we can observe that the feature due to the hydrogen 
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adsorption/desorption in under-coordinated sites still survives. A similar trend can be 
observed for octahedral Pt nanoparticles (Figure 2C), but for intermediate CO coverage 
(82 s, θCO ≃ 0.43) the under-coordinated sites are almost entirely blocked.  
In order to better visualize the relative CO occupancy on the different sites for 
several CO dosing times (or θCO), each voltammetric cycle in Figures 2A and 2C was 
multiplied by an arbitrary factor, in such a way that the current density at 0.20 V would 
be the same as that measured in the blank voltammogram (in absence of CO in the 
solution). At this potential, a relatively large current is recorded and it is located 
between two peaks for both types of Pt nanoparticles. The results of such normalization 
procedure are displayed in Figures 2B and 2D. While figure 2B suggests an uniform 
surface blockage, Figure 2D shows that the feature at 0.27 V is preferentially blocked.  
 
3.2. Current-time analysis  
For the analysis of the current-time curves, a full CO adlayer was prepared at 0.10 
V and non-adsorbed CO was eliminated from the solution for 35 min by bubbling Ar. 
Hence, two different potential protocols were evaluated. In Figures 3A and 3D, 
corresponding to cubic and octahedral nanoparticles, respectively, the potential was 
stepped from 0.10 to 0.65 V to completely remove the CO adlayer at once. Other 
electrode potentials were also tested for the chronoamperometric CO oxidation (not 
shown), but it was verified that transients were either too fast (when the electrode 
potential was high as 0.67 V, resulting in a very short time for the occurrence of 
maximum current) or too slow (when the electrode potential was 0.63 V, for which 
current maxima were not well defined). Alternatively, in Figure 3B (cubic 
nanoparticles) and Figure 3E (octahedral nanoparticles), a second potential protocol was 
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used and the potential was alternated between 0.10 V and an upper potential of 0.65 V, 
as 0.10 → 0.65 → 0.10 → 0.65 V…, in several short time sequences to allow removal 
of successive portions of adsorbed CO.  
The current-time curve reported in Figure 3A for CO oxidation (after a single 
potential step) on cubic nanoparticles shows a transient spike at very short times, 
followed by a current decay which culminates in a local minimum before generating a 
further rise of current, peaking at t1, max ≃ 2.8 s. Later, a second current maximum is 
reached (only for cubic nanoparticles) at t2, max ≃ 48.0 s. Because the formation of CO2 
results from a bimolecular collision between neighboring COads and oxygen-containing 
species, according to the equation 1, each molecule of CO2 formed involves the release 
of (at least) two available sites for the adsorption of oxygen-containing species, which 
can accelerate the rate of CO oxidation. In this sense, the maximum current on current-
time curves results from gradual increases in available sites for the oxygen-containing 
species, whose optimal condition for maximum rate reaction depends on certain 
conditioning coverage of reactants (size of nano-domains of reactants on surface). We 
believe that the existence of two maximum currents likely point out to two decoupled 
kinetic processes on the same catalytic surface, whose origin needs to be further 
investigated. For the oxidation of CO on octahedral Pt nanoparticles by a single 
potential step (Figure 3 D), the current-time curve only shows a single maximum 
current at t1, max ≃ 5.0 s. In case of the CO adlayer oxidation by multiple potential steps, 
for sake of a better visualization of the current-time curves, the time portions collected 
at 0.10 V (current was essentially zero) were eliminated from Figures 3B and 3E, 
generating the condensed multiple step curves displayed in Figures 3C and 3F, for cubic 
and octahedral nanoparticles, respectively. As it can be seen in Figures 3C and 3F, the 
coincidence with their corresponding single transient (3A and 3D, respectively) is quite 
Page 10 of 26
ACS Paragon Plus Environment
Langmuir
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
11 
 
remarkable for both samples of nanoparticles. In this respect, it is important to mention 
that using this multiple potential steps to 0.10 V imply the re-adsorption of hydrogen 
which could hinder a possible CO reorganization. In order to avoid this possible 
interference, we performed similar experiments in which the potential was initially 
stepped from 0.10 V to 0.65 V (where the CO oxidation reaction takes place), and then 
successively alternated between 0.65 → 0.45 → 0.45 → 0.65 V…. It is worth noting 
that at this new potential of 0.45 V, the rate of CO oxidation reaction is still negligible. 
Moreover, at this potential hydrogen is desorbed and sulfate is not yet adsorbed on the 
{111} terraces. The results are displayed in Figure 4, for cubic (Figure 4 A) and 
octahedral (Figure 4 C) Pt nanoparticles. Again, the time portions collected at 0.45 V 
(current essentially zero) were eliminated from the Figures 4A and 4C, resulting in 
condensed multiple step curves displayed in Figures 4B and 4D. By comparing these 
two potential programs, we can see that both protocols provide similar current-time 
curves, independently of the sample used. Thus, for cubic nanoparticles, Figure 4B 
results almost identical than that displayed in Figures 3A and 3C while, for octahedral 
Pt nanoparticles, Figure 4D, the results are similar to that shown in Figure 3D or 3F. 
 
4. Discussion 
The results reported in Figure 2B show that during the growth of the CO adlayer, 
that is, for increasing θCO, the normalized voltammetric profiles of the cubic Pt 
nanoparticles reproduce the whole voltammetric profile for all CO coverage, i.e., the 
normalized cyclic voltammograms are very similar to that corresponding to the surface 
free of CO (no exposure). Because at the potential in which the adsorption of CO was 
performed (0.10 V) only hydrogen is on the Pt surface. Accordingly, a displacement 
reaction takes place: COsolution + Hads → COads + H
+ + e-. This means that all available 
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sites for hydrogen adsorption/desorption are blocked in a uniform way at the surface. In 
this case, even when the surface has been almost fully blocked by CO (for example θCO 
≃ 0.57), the normalized voltammetric profile in Figure 2B remains similar to that in 
absence of CO. These observations suggest that during CO adsorption, the occupancy 
(site blockage) of the under-coordinated sites and wide 2D {100} terraces is essentially 
uniform, i.e., this process occurs involving all surface sites apparently without 
preferential adsorption even when surface is almost fully blocked (θCO ≃ 0.57) and just 
slightly higher than the other surface sites. Consequently, once there is no preferential 
CO adsorption, this apparent uniform fill of sites implies a low mobility of the COads 
from the 2D {100} domains to the low coordination sites on cubic Pt nanoparticles. At 
this point, by a different methodology (and analysis), our results are in agreement with 
those of Coutanceau et al.23 for similar shaped nanoparticles with average size ~12 nm. 
On the other hand, for another type of nanostructured material, tetrahexahedral Pt 
nanoparticles containing [3(100)×(110) + 2(100)×(110)] facets (particles size ~54 nm) 
electrochemically prepared on glassy carbon, Liu et al.34 recently reported a CO 
adsorption study and concluded that at low CO coverage (θCO < 0.088), CO adsorbs 
preferentially on {100} sites, which implies a shift of the adsorbed CO during the 
growth of the adlayer towards these sites. 
The situation is slightly different for the octahedral Pt nanoparticles, as shown in 
Figure 2 D. After 102 s of exposure to dissolved CO (θCO ≃ 0.56), we observe that the 
under-coordinated sites are proportionally more blocked than {111} terraces (Figure 
2D), and sites assigned as {100} sites at 0.27 V are blocked first than the rest of surface 
sites. These data suggest that in octahedral Pt nanoparticles, in contrast with the cubic 
ones, CO is preferentially adsorbed on low coordination sites, which in turn suggests a 
different mobility of COads on {111} terraces than on {100} ones. Namely, under-
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coordinated sites are firstly blocked by CO than those of {111} terraces, in contrast with 
the fact that CO (from the solution) reaches all kind of sites simultaneously. This 
observation means that COads molecules from {111} terraces likely diffuse to under-
coordinated sites during the growth of a CO adlayer on octahedral Pt nanoparticles.  
Now let us compare the site occupancy on cubic and octahedral Pt nanoparticles at 
similar CO coverage by taking the corresponding voltammetric features at θCO ≃ 0.49 
(cubic) and θCO ≃ 0.43 (octahedral). Even when the CO coverage on octahedral Pt 
nanoparticles is slightly smaller than on cubic ones, Figure 2D shows that almost all the 
under-coordinated sites on octahedral nanoparticles are fully covered by CO, while for 
the cubic ones the discharge of hydrogen remains discernible in under-coordinated sites. 
However, the situation of θCO ≃ 0.57 on for cubic samples and θCO ≃ 0.56 on octahedral 
ones evidence that all under-coordinated sites at octahedral nanoparticles are blocked 
(Figure 2D), while for cubic nanoparticles is still possible to distinguish the feature of 
under-coordinated sites available for hydrogen adsorption/desorption (Figure 2B). 
Based on such relative differences in the behavior of CO site occupancy (for similar CO 
coverage) we suggest that exists a relative higher mobility of COads {111} terraces than 
on {100} one during the growth of the CO layer. It is noteworthy to remark that the 
pattern of CO site occupancy in octahedral sites (terraces, and low coordinated sites) is 
similar to that already observed for the CO site occupancy in similar nanoparticles 
sample in alkaline media27 and also in the family of stepped Pt(s)-[(n-1)(111)×(110)] 
single crystals in acidic media.35 
For the CO oxidative stripping in acid media, the current vs. time profile coming 
from multiple potential steps experiments provides information about the 
dynamic/mobility of COads in the adlayer during its oxidation.
18 The results shown in 
Figures 3 and 4 point out that current vs. time profile is almost independent on the 
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potential step protocol. Thus, when the potential is successively stepped from 0.10 V to 
0.65 V, results in Figures 3C and 3F suggest that the oxidation of CO layer apparently 
continues exactly from the same point at which the process was stopped, regardless of 
the sequence of steps previously performed. This points out to an apparently immobility 
or a unchanged distribution of reactants on surface, because the kinetics of a surface 
reaction deeply depends on how the reactants are distributed at the surface36-38 and our 
data suggest that the organization of COads in remaining layer is not significantly 
affected during the successive potential steps shown in Figures 3 and 4. At first glance, 
we might think that this apparent immobility of CO in the remaining layer is because the 
electrode potential was stepped to a potential where CO free Pt surface sites are 
immediately occupied by hydrogen (with high Hads coverage), which could act as a 
barrier for CO surface diffusion. However, the experiments shown in Figure 4, in which 
the electrode potential was stepped from 0.65 V to 0.45 V (a potential at which the 
surface free of adsorbed hydrogen and adsorbed anions) also suggest that adsorbed CO 
remains as an immobile species during its oxidation. This finding differs from previous 
contributions,7, 23 in which it was claimed that during the CO adlayer oxidation, COads 
molecules quickly move from {111} terraces to low coordination sites (claimed to be 
the most active sites), or CO on any sites of polyoriented Pt nanoparticles must move to 
edges/corners, where reaction could takes place. This behavior clearly indicates a lack 
of mobility of COads during its oxidation, which results in a very similar current-time 
profile, regardless of whether the oxidation is performed in a single or in multiple steps. 
A probable reason why CO behaves as an immobile species during the growth of 
a CO adlayer can only tentatively linked to a possible large difference in reactivity 
(sticking coefficient) in under-coordinated sites (as corners, steps, ad-atoms, etc.) 
compared to the reactivity in close-packed domains. Also, the diffusion can be 
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influenced by the lateral interaction present in the adsorbate layer. In fact, as examined 
for stepped Pt surfaces, CO adsorbs more strongly in under-coordinated sites than in 
terrace sites39-42, and the rate of CO filling on under-coordinated is higher as higher is 
the overall CO coverage.35 The argument above can be employed, at least in part, to 
justify why the COads does behave like an immobile species during its oxidation. 
Namely, once CO oxidation starts on those sites where it is weakly bonded,17 it seems 
unlikely that remaining CO shift from any other sites to those less catalytic ones (where 
the bond CO-surface is stronger). Moreover, when CO is oxidized, the lateral 
interaction exerted by neighboring adsorbed molecules diminishes, because the average 
distance among them increases. In addition, the attachment of CO in sites with low 
chemical reactivity (which in case of CO electro-oxidation coincides with those sites of 
high catalytic activity) is favored when the electrode surface is negatively charged (at 
potentials below 0.3 VRHE) and not at potentials above 0.5 VRHE, at which the CO 
electro-oxidation occurs 18. In this sense, it is plausible that adsorbed CO behaves as an 
immobile species during its oxidation at Pt/aqueous electrochemical interface.  
Hence, our results can be rationalized as follows: providing that short times are 
used, at relatively high potentials COads is partially oxidized by (likely) activated 
water.43 Afterwards, if the potential is stepped back to 0.10 V the oxygen-containing 
species desorbs and hydrogen is adsorbed. When high potentials are resumed the 
oxygen-containing species are quickly restored and the oxidation of the remaining COads 
continues as before, without being significantly affected, neither in ti,max nor jmax. 
Therefore, our results indicate that apparently there is no shift of COads during its 
electrochemical oxidation, neither on cubic nor on octahedral Pt nanoparticles. 
Otherwise, in the intervals in which the potential is kept at 0.10 V (or at 0.45 V), CO 
would diffuse toward preferential sites thus changing the oxidation profile in 
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comparison to the experiment performed in a single potential step. Employing a 
sophisticated potential program, Kucernak and Offer 44 have criticized the assumptions 
suggesting that COads presents mobility on a polycrystalline Pt surface. These authors 
proposed that OHads might diffuse to the immobile COads, rather than COads do to active 
sites. Because COads molecules in adlayer oxidation are apparently immobile species, 
such CO adlayer behaves as a poisoning layer on the electrode surface. 
 
5. Conclusions  
Regarding the COads surface mobility and oxidation of this molecule on shape-
controlled Pt nanoparticles, we conclude that:  
i. Experiments of CO sub-adlayer growth show that on octahedral Pt nanoparticles 
CO presents a slight preference for the adsorption on low coordination sites. This 
suggests that COads can slightly diffuse from {111} terraces to low coordination 
sites. Conversely, on cubic Pt nanoparticles, COads mobility is apparently very low. 
ii. In CO stripping potentiostatic experiments, current-time curves show a similar 
profile for the oxidation of CO, regardless the use of single or multiple oxidation 
steps. This suggests that COads likely does not move towards the most catalytic 
active sites during the electro-oxidation of its adlayer. Adsorbed CO molecules 
behave as an adlayer poison on the catalyst surfaces during its oxidation. Hence, 
once a CO adlayer is formed, it remains motionless until it is fully oxidized either 
in octahedral or cubic Pt nanoparticles. From a reaction mechanism point of view, 
this implies that likely the oxygen-containing species reacts at the perimeter of the 
COads islands, rather than COads diffuses to the oxygen-containing species present at 
low coordination sites. 
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Figure 1. Cyclic voltammograms of cubic (A) and octahedral (B) Pt nanoparticles 
obtained at 0.05 V s-1 in 0.5 M H2SO4. 
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Figure 2. Cyclic voltammograms (0.060 V ≤ E ≤ 0.460 V) recorded at 0.2 V s-1 after 
potentiostatic growth (at 0.100 V) of the CO sub-adlayer: (A) cubic and (C) octahedral 
Pt nanoparticles. In (B) and (D) the original current values were adjusted from the data 
in panel (A) and (C), respectively, to purposes of visualization. Different times of CO 
exposure correspond to different θCO. 
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Figure 3. Potential step chronoamperometries of oxidation of a CO adlayer on Pt cubic 
(A, B and C) and Pt octahedral (D, E and F) nanoparticles, when CO was adsorbed at 
0.10 V. The panels A and D panels show current vs time curves performed in a single 
potential step from 0.10 V to 0.65 V. The panels B and E show successive potential 
steps for a partial oxidation of a CO adlayer, according to the sequence 0.10 V → 0.65V 
→ 0.10 V → 0.65 V…. The panels C and F show the resulting current vs time curves 
performed in multiple steps after the subtraction of the currents collected at 0.10 V from 
Figures 3B and 3E. All the experiments were performed in 0.5 M H2SO4.  
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Figure 4. Potential step chronoamperometries of CO stripping off. The panels A and C 
show current vs time curves performed in multiple potential steps from 0.10 to 0.65 V, 
and back to 0.45 V successively according to the sequence 0.10 V → 0.65 V → 0.45 V 
→ 0.65 V → 0.45 V… for Pt cubic and octahedral nanoparticles. The panels B and D 
show the resulting current vs time curves for cubic and octahedral Pt particles, 
respectively, performed in multiple steps after the subtraction of the currents collected 
at 0.45 V from Figures 4A and 4C. All the experiments were performed in 0.5 M 
H2SO4. 
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